Abstract. Many incompatible classifi cations have in the past been applied to the class of European montane-subalpine tall-herb communities (Mulgedio-Aconitetea). The aim of our paper is to develop a consistent classifi cation of all vegetation types of this class from temperate and boreal Europe, derived from a database of individual relevés. We compiled available relevés from central, western and northern Europe. After excluding plots dominated by woody species, those outside the range of 9 -50 m² size, and stands with prevailing diagnostic species of other classes, 993 relevés remained for the classifi cation, mainly from central Europe. We used cluster analysis (group linkage with fl exible beta and Sørensen index) to analyse the structure of the dataset, and translated the results into a syntaxonomic system. The major division is between the temperate order Calamagrostietalia villosae and the newly described northern European order Epilobio lactiflori-Geranietalia sylvatici. The temperate order can be subdivided into fi ve alliances: (i) subalpine tall-forb communities (Adenostylion alliariae), (ii) tall-forb communities of montane-subalpine eutrophic pastures (Rumicion alpini), (iii) subalpine tall-forb and tall-grass communities that are closely related to alpine meadows (Calamagrostion villosae), (iv) mainly montane tallgrass and fern communities of acidic soils (Calamagrostion arundinaceae), and (v) montane tall-forb communities (Arunco dioici-Petasition albi). The northern European order was not divided further at present because too few data were available. We characterise all syntaxa from the alliances upwards ecologically and fl oristically, provide a revision of their nomenclature, and list the included associations. We also discuss the methodological problems any supra-national classifi cation has to face due to the high heterogeneity of such data and the lack of a continent-wide relevé database of all vegetation types. The use of a priori lists of diagnostic species for the delimitation of the focal syntaxon and the restriction of the analysis to relevés with similar plot sizes turned out to be crucial to derive consistent results. This study demonstrates that the analysis of a comprehensive supra-national database of individual relevés can provide insights that go beyond what is achievable at a regional scale or by comparison of synoptic tables.
Introduction
A sound and consistent large-scale classifi cation of vegetation types is an important tool for ecological studies, for vegetation monitoring, and for developing and implementing conservation strategies and legislation (Dengler 2003 ). Thus, the major objective of the international working group "European Vegetation Survey" for nearly two decades has been to initiate and support such large-scale vegetation classifi cations, preferably using individual relevés stored in national databases (cf. Mucina et al. 1993 , Rodwell et al. 1995 . The ultimate goal is to achieve a consistent classifi cation of vegetation types of the continent. During this period, many relevé databases have emerged throughout Europe (see Ewald 2001) and new numerical tools have been developed to deal with large datasets (reviewed by . Also, comprehensive vegetation overviews based on vegetation databases have been published for some countries or large regions, namely the United Kingdom (e.g. Rodwell 1991), the Netherlands (e.g. Schaminée et al. 1995) , Slovakia (e.g. Valachovič 1995) , Mecklenburg-Vorpommern (NE Germany; Berg et al. 2001 Berg et al. , 2004 , and the Czech Republic (Chytrý 2007) . By contrast, classifi cations based on individual relevés and covering areas larger than a single country have only rarely been conducted so far. There is one single study dealing with a whole vegetation class throughout Europe (Zechmeister & Mucina 1994) , and few other authors analysed a certain higher syntaxon jointly for several countries (e.g. Willner 2002 , Botta-Dukát et al. 2005 , Dengler & Löbel 2006 , Dengler et al. 2006b ).
For the Mulgedio-Aconitetea Hadač & Klika in Klika & Hadač 1944 , numerous, often incompatible classifi cation concepts have been proposed, but no supra-national analyses on the basis of individual relevés have been conducted thus far. This class comprises European tall-forb, tall-grass, and fern communities of the montane, subalpine, and lower alpine belts (sensu Ozenda 1988) . The two main distribution areas are, on the one hand, the mountain ranges of the temperate and submeridional zone (Horvat et al. 1974 , Rivas-Martínez et al. 1984 , Karner & Mucina 1993 , Kočí 2001 , and, on the other hand, northern Europe, where the communities in the northern boreal zone reach down to the lowlands (McVean & Ratcliffe 1962 , Dierssen 1996 . The communities require humid, cool, and nutrient-rich conditions. Typical habitats are avalanche gullies, ditches, stream banks, clearings and eutrophic alpine pastures (Karner & Mucina 1993) .
Traditionally, the class, for which often the invalid name Betulo-Adenostyletea Br.-Bl. & Tx. 1943 is used, comprises subalpine herbaceous and shrub communities (Nordhagen 1943 , Braun-Blanquet 1950 . It is usually either subdivided into the Adenostyletalia alliariae Br.-Bl. 1930 with tall-forb and shrub communities and the Calamagrostietalia villosae Pawłowski et al. 1928 with associated tallgrass vegetation (e.g. Karner & Mucina 1993 , Kočí 2001 , Kliment et al. 2004 or treated as monotypic (e.g. Pott 1995 , Theurillat et al. 1995 . Northern European tall-herb communities have normally been included in the Adenostyletalia alliariae (Rodwell et al. 2002 , Dierssen 1996 , while only BraunBlanquet (1950) proposed a separate Nordic order. For subalpine tall-herb communities of submeridional Europe, separate alliances within the Adenostyletalia alliariae, and for those from Corsica even a separate order, the Adenostyletalia briquetii Lacourt in Géhu 1992 , have been proposed (Horvat et al. 1974 , Rivas-Martinéz et al. 2001 , Rodwell et al. 2002 .
In recent years, some authors have excluded shrub communities from the Mulgedio-Aconitetea due to an a priori separation of structural types (sensu Bergmeier et al. 1990) . These associations were then classifi ed as Betulo carpaticae-Alnetea viridis Rejmánek in Huml et al. 1979 (e.g. Theurillat et al. 1995 , Rivas-Martínez et al. 2001 , Bardat et al. 2004 , Kliment et al. 2007 ). On the other hand, some authors included the tall-herb vegetation of subalpinealpine eutrophic pastures (Rumicion alpini Rübel ex Scharfetter 1938) into the class, partly within the Adenostyletalia alliariae (e.g. Klika & Hadač 1944 , Holub et al. 1967 ) and partly as the separate order Rumicetalia alpini Karner & Mucina 1993 nom. inval. (Karner & Mucina 1993 , Rodwell et al. 2002 . However, most other authors retain this alliance within the Artemisietea vulgaris Lohmeyer et al. ex von Rochow 1951 (e.g. Oberdorfer 1993b , Kočí 2001 , Bardat et al. 2004 ). In the Carpathians, syntaxa of alpine meadows of the order Seslerietalia coeruleae Br.-Bl. in Br.-Bl. & Jenny 1926 have been classifi ed within the Mulgedio-Aconitetea by many authors (e.g. Hadač et al. 1969 , Kliment et al. 2004 . Finally, completely different classes have even been proposed to cover the traditional content of the Mulgedio-Aconitetea fully or partly (Aco nito-Cardaminetea , NardoCalamagrostietea villosae Jeník et al. 1980 , Stellario nemorum-Geranietea sylvatici Schubert et al. 1995) .
This overview shows that many aspects concerning the delimitation of the class and its subdivision into higher syntaxa are still controversial. Furthermore, many local associations have been described, and the assignment of associations to alliances is inconsistent. Recently, syntaxonomical revisions on the basis of original relevé data have been prepared for the class in the Czech Republic (Kočí 2001 and in Slovakia (Kliment et al. , 2007 . However, these studies only deal with a small part of the distributional range of the class.
Because large-scale surveys of classes are rare in general and because of still existing syntaxonomical discrepancies concerning the Mulgedio-Aconitetea in particular, the aim of this study was to provide a large-scale syntaxonomic review of this class based on a comprehensive dataset of individual relevés. Being part of a series of planned papers, the present article focusses on high-rank syntaxa of the herbaceous Mulgedio-Aconitetea communities in central and northern Europe. In particular, we address the following questions: (1) How similar are the central and northern European stands, and how should this be refl ected in the syntaxonomic classifi cation? (2) Which major community types can be distinguished in central Europe and how can their interrelation be adequately represented by the syntaxonomic classifi cation? (3) How are the high-rank syntaxa distributed across Europe and what are their ecological requirements? (4) Which are the major methodological problems when attempting a constistent supra-national classifi cation of a major syntaxon based on existing literature data and how can these problems be solved?
Materials and methods

Relevé data
For the analyses, we used the vegetation database of montane-subalpine tall-herb vegetation that is established and maintained by the fi rst author, using TUR-BOVEG 2.34 (cf. Hennekens & Schaminée 2001) . This database covers the western and central part of temperate Europe (Pyrenees, Massif Central, Alps, central European highlands, Carpathians) and northern Europe. It contains published relevés that have been assigned to the target class by their authors, or that appear to have similar species combinations. Additionally, it includes unpublished relevés of the target class from the Czech National Phytosociological Database (cf. Chytrý & Rafajová 2003) or made by ourselves in order to cover some underrepresented regions or syntaxa. However, we did not aim to include such unpublished data comprehensively because this would have led to an unbalanced dataset. At the time of our analyses, the database contained 2,731 relevés. The nomenclature of vascular plants eschweizerbart_xxx follows "Flora Europaea" (Tutin et al. 1968 (Tutin et al. -1993 Only the subspecies of Rumex acetosa and those of Aconitum lycoctonum were treated separately because all occurrences could be assigned unambiguously and because A. lycoctonum ssp. lycoctonum and R. acetosa ssp. lapponicus were known to be differential for the northern European relevés. Furthermore, we merged some species into aggregates (agg.) to account for regionally different taxonomic treatments. Apart from Luzula sylvatica agg. (L. sylvatica + L. sieberi), these aggregates correspond to the species groups of "Flora Europaea". We excluded non-vascular plants from the analyses because they had only partly been recorded.
A priori selection
To obtain a consistent dataset for the analyses, we applied three selection criteria to the relevés in the database.
Firstly, we discarded relevés with more than 30% cover of shrub and/or tree layer because we wanted to separate wooded and herbaceous vegetation in the classifi cation a priori. This approach has been suggested, for example, by Bergmeier et al. (1990) , Dierschke (1992) , and Dengler (2003) to avoid methodological problems that arise from the combined classifi cation of very different structural vegetation types. Secondly, we considered the different plot sizes of the remaining relevés because classifi cations are only reasonable and interpretable for relevés of even-sized plots (Jandt & Bruelheide 2002 , Dengler 2003 : 74, Dengler et al. 2008 , 2009 ). The results of Dengler (2003: 74) and Dengler et al. (2009) suggest signifi cant distorting effects on classifi cations if plots differing in size by much more than a factor of fi ve are included in one analysis. According to this limit, the size range that gave us the best possible dataset in terms of overall number of relevés as well as geographic and syntaxonomic coverage was 9 -50 m².
Thirdly, we needed to delimit the MulgedioAco nitetea consistently against other herbaceous vegetation classes. Following the suggestion of Deng ler et al. (2006c), we did this by using a priori lists of diagnostic species for the Mulgedio-Aconitetea and all related classes (frequent contact vegetation and other tall-herb vegetation in Europe; see Appendix 1 for lists and sources on which we based our assignment). We mostly followed the concept of European classes proposed by Mucina (1997) . Only for the classes of tall-herb vegetation other than Mulgedio-Aconitetea, we applied the concept of J. Dengler (partly published in Dengler et al. 2006a Dengler et al. , 2007 . As diagnostic species we accepted taxa that were explicitly listed in the literature as character taxa of the class or of its subordinate units (within the accepted delimitation of the classes) or as joint differential species of classes, and we allowed a single species to be listed as diagnostic in more than one class. Then, "affi nity values" towards all considered classes were calculated for each relevé by summing up the ordinal transformed cover values (OTV; cf. van der Maarel 2005: r = 1, + = 2 … 5 = 9) of the respective diagnostic taxa. Finally, each relevé was subordinated to the class with the highest score (cf. Dengler et al. 2006c) .
Numerical analyses
For the analyses, we transformed the cover-abundance scale to a three-step ordinal scale (cutlevels 5% and 25%) with the program JUICE (version 6.5, cf. Tichý 2002) . Cluster analyses were done with PC-ORD (version 4, McCune & Mefford 1999), using the group linkage method with fl exible beta (beta parameter -0.25) and the Sørensen (Bray-Curtis) index as distance measure. Firstly, we applied a relatively detailed cluster resolution to identify clusters that apparently represent units at association level. For this purpose, we chose a level at which most of the clusters contained an exclusive concentration of one or several a priori diagnostic species of the MulgedioAconitetea. Secondly, we identifi ed a lower cluster resolution that allowed us to combine the small subunits to higher syntaxa due to the occurrence of joint diagnostic species. The dataset was then split into these higher syntaxa, which we re-analysed separately with the same method to subdivide them further into homogeneous relevé groups.
Syntaxonomic classifi cation
Our classifi cation follows the modifi ed BraunBlanquet approach proposed by Dengler (2003 , cf. Dengler et al. 2005 , which combines the suggestions of Bergmeier et al. (1990) and the central syntaxon concept of Dierschke (e.g. 1994) . The most important features in the context of this study are as follows: − Character species need to be twice as constant in the characterised syntaxon than in all other syntaxa of equal rank. − Differential species need to fulfi l this criterion only compared to the equal-ranked syntaxa within the next superior syntaxon but have to reach at least 20% presence degree. − The diagnostic value of species is assessed separately for the two structural types, herbaceous vegetation and woodland vegetation.
eschweizerbart_xxx − Any syntaxon from association upwards either has to be characterised by character species of its own or must be the central syntaxon within the next higher unit. For the manual table work, we used the program JUICE. We manually aggregated the detailed homogeneous relevé groups produced by the subsequent cluster analyses until they conformed to the criteria for syntaxa (see above). After this aggregation process, single relevés within some of the derived units appeared to be dominated by diagnostic species of adjacent associations. Because the amount of these relevés was very small and the classifi cation in itself was not affected, we moved these relevés to sharpen the diagnostic values. Since only few relevés in the range from 9 -50 m² from boreal Europe were available, we refrained from subdividing them into associations.
To evaluate whether a certain taxon can be considered as a character species, an estimate of its presence degree in syntaxa not treated in this paper was necessary. For this purpose, we consulted comprehensive synoptic tables of herbaceous vegetation types that together largely cover our study area (Oberdorfer 1992 , 1993a , b, Zechmeister & Mucina 1994 , Dierssen 1996 , Schaminée et al. 1996 , 1998 , Coldea 1997 , Jarolímek et al. 1997 , Stortelder et al. 1999 , Berg et al. 2001 , Valachovič 2001 , Dengler et al. 2006a , Chytrý 2007 , Kliment & Valachovič 2007 .
Synoptic tables
In the synoptic table (Table 3) , the values given in the columns of higher syntaxa are arithmetical means of the presence degrees of all subordinated associations, but are referred to as "presence degrees". Dengler (2003 : 83, cf. Dengler et al. 2005 proposed this way of calculating presence values of superior syntaxa as being more appropriate than calculating these on the basis of individual relevés, as the number of relevés available per association generally is arbitrary but would greatly affect the calculation outcomes. In the synoptic tables, the diagnostic value of species according to Dengler (2003) is presented following the suggestions of Berg et al. (2001) , Dengler & Löbel (2006) , and Dengler et al. (2006a Dengler et al. ( , b, 2007 .
Additionally, we calculated phi coeffi cients of associations (Chytrý et al. 2002) . To avoid distorting effects of unequal relevé numbers of the different syntaxonomic units (cf. Dengler 2003), we used an equalizing approach as suggested by Tichý & Chytrý (2006) . We treated all associations as if they were represented by the same number of relevés because this way of equalizing seemed to be most meaningful in the present case and it is consistent with the classifi cation philosophy of Dengler (2003) . We determined phi coeffi cients among all associations included in the study, and accepted species with Φ > 0.25 as diagnostic and those with Φ > 0.50 as highly diagnostic (Chytrý 2007) . Additionally, species with a positive mutual association with a syntaxon but Φ ≤ 0.25 were marked.
For the calculation of both presence degrees and phi coeffi cients, we assumed that the northern European alliance consists of fi ve associations distinguishable with the applied methodology. This estimation is based on the overall fl oristic diversity in boreal compared to temparate stands. However, moderate changes in this fi gure would have altered our overall assessment of diagnostic values of species only marginally.
Phytosociological nomenclature
The naming of syntaxa follows the International Code of Phytosociological Nomenclature (Weber et al. 2000 ; referred to as ICPN). In the conspectus (Table 2 ), all accepted syntaxa of the MulgedioAconitetea in the study area are listed in hierarchical order with full names and author citations. We added epithets to accepted names of MulgedioAconitetea syntaxa below the class level where permitted (ICPN Recomm. 10C). The Appendix 1 lists the full names and author citations for the adjacent classes. In the text, we only give author citations for syntaxa when they are used for the fi rst time. At the level of association, this publication does not intend to be conclusive and thus we simply present the oldest valid and legitimate names we retrieved in the reviewed literature thus far ( Table 2 ). The description of a new syntaxon for which no valid name was available as well as typifi cations and applications to the Nomenclature Commission are presented in Appendix 2. A full syntaxonomic revision of the high-rank syntaxa of the Mulgedio-Aconitetea (alliances and above) is provided in Appendix 3, including major synonyms, with an indication of the relevant ICPN Articles according to which they are invalid or illegitimate, and other names of similar content.
Characterisation of syntaxa
The ecological and chorological description of the syntaxa was largely based on information provided in the literature from which the included relevés originated. Additionally, we characterised the associations by box-whisker plots of their altitudinal distribution and of three Ellenberg indicator values (Ellenberg et al. 2001) representing site conditions (Fig. 2) 
Cluster analyses and their translation into a syntaxonomic classifi cation
In the cluster analysis of the whole data set, the 20-cluster resolution apparently more or less corresponded to the association level (Fig. 1) . When aggregating these 20 terminal clusters succesively, the six-cluster resolution seemed appropriate at the level of alliance because each of the clusters then was well characterised by diagnostic species (Table 1) .
Cluster 1 of the six-cluster resulution contains temperate subalpine tall-forb communities. The relevés are often dominated by Adenostyles alliariae and/or Peucedanum ostruthium. This cluster corresponds to the alliance Adenostylion alliariae.
Cluster 2 contains temperate tall-forb communities of montane-subalpine eutrophic pastures, the relevés were often (co-)dominated by Rumex alpinus. This cluster corresponds to the alliance Rumicion alpini.
Cluster 3 contains temperate subalpine-alpine tallgrass and tall-forb communities. The relevés are often (co-) dominated by tall-grasses, and species of alpine meadows are frequent (e.g. Ligusticum mutellina, Potentilla aurea). This cluster corresponds to the alliance Calamagrostion villosae.
Cluster 4 contains mainly montane tall-grass and fern communities. Apart from the prevailing relevés from temperate Europe, six species-poor relevés from northern Europe were assigned to this cluster. The relevés are mainly dominated by ferns and tall-grasses, and species indicating acidic soils are frequent. This cluster corresponds to the alliance Calamagrostion arundinaceae.
Cluster 5 contains temperate montane tall-forb communities. The relevés are often (co-) dominated by species that are rare in the subalpine zone (e.g. Oreopteris limbosperma, Petasites albus). This cluster corresponds to the alliance Arunco dioici-Petasition albi.
While clusters 1 -5 nearly exclusively contain relevés from temperate Europe, all of the relevés of cluster 6 originated from boreal Europe. The latter cluster differs from the previous ones, among others, by high presence degrees of Calamagrostis purpurea and Angelica archangelica. It corresponds to the alliance Mulgedion alpini. The cluster analysis indicated that the most important split should be between clusters 1 -3 and 4 -6 ( Fig. 1) , with the fi rst three being positively differentiated (Table 1) . However, this hierarchical arrangement could not be transformed into a syntaxonomical classifi cation for two reasons. Firstly, regarding the full species list, this suggested split is rather weak and arbitrary because for any other pair or triplet of the six primary clusters similar species groups exist that connect these but are lacking in the remaining clusters (see joint differential species in Table 3 ). Secondly, regarding the occurrence of potential character species, it seemed more appropriate to draw the major syntaxonomic division between the temperate (clusters 1 -5) and the boreal relevés (cluster 6), i.e. to treat them as two separate orders. Cluster 6 alone contains many diagnostic species that could be rated as character species (Tables 1 and 3 ). Similarly, clusters 1 -5 together share many frequent species that are rare or absent in the northern European relevés (Tables 1 and 3 ). In contrast, the similarity between clusters 6 and 5, indicated by the cluster dendrogram ( Fig. 1 ), had no apparent fl oristic support (see above), and the similarity between clusters 6 and 4 was mainly supported by differential species and only weakly by potential joint character species (Tables 1 and 3 ). Since no clear fl oristic pattern was detectable among the fi ve temperate alliances, we refrained from grouping them into suborders.
The more detailed analyses revealed 18 associations and one provisional unit of equal rank within the alliances of the temperate order (see Table 2 for a syntaxonomic overview). Regarding the 20-cluster resolution of the nummerical analysis ( Fig. 1) , four of the 18 associations were not separated and seven clusters were unsuffi ciently characterised. Therefore, four of the 20 clusters were subdivided in the detailed analyses to separate different associations, and in three cases unsuffi ciently characterised clusters had to be combined to form characterised units or central associations.
The resulting synoptic table of the high-rank syntaxa, after exchange of a few relevés among associations (see Methods), is presented in Table 3 .
Characterisation of the higher syntaxa
Order 1 -Calamagrostietalia villosae
This order comprises tall-forb, tall-grass, and related fern communities from temperate Europe. The communities occur on nutrient rich and moist soils from the montane to the alpine level. Although the stands of the tall-forb and tall-grass communities have a different physiognomic appearance, they join a large pool of constant species (Table 3) , and their habitat conditions are quite similar. Within the studied area, the order contains the fi ve following alliances.
eschweizerbart_xxx Alliance 1.1 -Adenostylion alliariae A mainly subalpine distribution is characteristic for the tall-forb communities of this alliance (Fig. 2) . The habitats are relatively rich in nutrients, not excessively moist (Fig. 2) , and lack trees due to landslides and long-lasting snow cover. The alliance is distributed in the western and central European high mountains as well as in some lower mountains with a subalpine belt or with habitats affected by a similar microclimate (Massif Central, Jura Mts., Black Forest, Sudety Mts.; Fig. 3 ). The alliance contains the central association Cicerbitetum alpinae and two associations of base-rich soils (Delphinietum elati and Aconitetum lycoctoni).
Alliance 1.2 -Rumicion alpini
The tall-forb communities of eutrophic pastures of the montane to subalpine zone are combined in this alliance. Typical sites are dung heaps, depressions with liquid manure, and intensively downtrodden pastures. The analysed relevés originate from the Alps, the Sudety Mts., and the Carpathians (Fig. 3) . The alliance contains the widespread central association Rumicetum alpini, the Senecionetum alpini with a limited distribution in the Alps, and the montane Geranio phaei-Urticetum dioicae.
All associations indicate nutritious, basic, and moist soils (Fig. 2) .
Alliance 1.3 -Calamagrostion villosae
The tall-grass and tall-forb communities of this alliance are fl oristically related to alpine meadows. Stands thus occur particularly in the subalpine and alpine zones (Fig. 2) . Floristically, the Calamagostion villosae is mainly negatively characterised within the order, and thus is considered as the central alliance of the Calamagrostietalia villosae. The habitats can be large expanses in the subalpine zone, or smaller, treeless habitats, such as avalanche gullies and bottoms of small depressions near torrents. Areas with long snow cover are preferred, e.g. along the base of cliffs or in the vicinity of snowbeds. The soils are deep, sometimes fi ne-grained and humus-rich, and, in the Alps, they may also be stony. The alliance is distributed in the Alps, in the Black Forest, in the Sudety Mts., and in the Carpathians (Fig. 3) . Two of the communities are distributed only in the Carpathians, namely the Festucetum carpaticae of base-rich soils and the Calamagrostio villosae-Festucetum picturatae of neutral to slightly acidic soils. The Poo chaixii-Deschampsietum cespitosae, which was mainly recorded from the Sudety Mts., is closely related to wet meadows. The Assoc.
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Assoc. Peucedano ostruthii-Cirsietum spinosissi m i is distributed in the Alps, where it occurs in the lower alpine zone and thus shows the highest altitudinal distribution of all Mulgedio-Aconitetea associations (Fig. 2) .
Alliance 1.4 -Calamagrostion ar undinaceae
This alliance comprises mainly montane tall-grass communities of more acidic soils and a related fern community. However, mean indicator values of soil reaction are still moderate (Fig. 2) . The habitats are partly wind-exposed clearings and steep slopes with long snow cover, and partly sunny and leeward habitats with thick, but short-time snow cover. The soils are moist, deep, stony, moderately rich in humus, and loamy. The alliance is distributed in the Pyrenees, the northern Alps, most of the lower mountains of central Europe, and the western Carpathians (Fig. 3) . The alliance contains the species-poor central association Crepido conyzifoliae-Calamagrostietum vil losae dominated by Calamagrostis villosa, the Digitali ambiguae-Calamagrostietum arundinaceae of sunny slopes, whose stands are mainly dominated by Calamagrostis arundinaceae, and the Athyrietum filicis-feminae, a fern association, mostly dominated by Athyrium distentifolium and/ or Dryopteris fi lix-mas. 
-Ar unco dioici-Petasition albi
This alliance contains montane tall-forb communities. They grow on relatively nutrient rich and moist sites (Fig. 2) . Stands occur mainly on stream banks, alongside ditches, on clearings, and along forest tracks. The alliance is distributed in the Massif Central, the Alps, the Carpathians, as well as in most of the lower mountains of central Europe (Fig. 3) . The alliance contains the central association Prenanthetum purpureae, the Doronico austriaciArun cetum vulgaris of shady habitats, the Petasito albi-Cirsietum erisithalis of calcareous soils, the Luzulo luzuloidis-Thelypteridetum limbospermae of acidic soils at forest edges, the not yet formally described Lunaria rediviva-[Arunco dioici-Petasition albi] community of shady forest clearings, and the Agropyro canini-Petasitetum kablikiani of river banks in the Carpathians.
Order 2 -Epilobio lactiflor i-Geranietalia sylvatici
This order comprises boreal tall-forb, fern and related grass communities. Its habitats are similar to those of the Calamagrostietalia villosae. 
Discussion
Methodological issues
Cluster analyses vs. syntaxonomic classifi cation
In our study, it seemed inappropriate to translate the cluster analyses directly into a syntaxonomic classification. At the highest hierarchical level, for example, the manually re-arranged hierarchy with a temperate and a northern European order was supported by many more character and differential species on each side (Table 3 ) than had been the opposition of clusters 1 -3 against 4 -6 as suggested by the cluster analysis ( Fig. 1, Table 1 ). Reasons why the cluster analysis failed to detect this strong fl oristic differentiation could be the small number of relevés from bo- Fig. 3 . Distribution of the fi ve alliances of the Calamagrostietalia villosae in central and western Europe, based on the relevés included in this study.
eschweizerbart_xxx real Europe and/or the greater heterogeneity within the relevés from temperate Europe. Other numerical methods, such as TWINSPAN, are also known to be sensitive to unbalanced datasets, which can lead to different hierarchical structuring of the same vegetation type (cf. Bruelheide & Chytrý 2000) . Actually, their outcome strongly depends on subjective settings (cluster algorithm, distance measure, etc.), and may completely change when the dataset is only slightly modifi ed. Specifi cally, none of the available numerical classifi cation approaches is capable of considering information from outside the actual dataset (Dengler 2003 . By contrast, a syntaxonomist can use his knowledge about the distribution of species in other classes in order to decide whether taxa are character or differential species, and weight them accordingly.
Different approaches to fi delity
While we based our study on the fi delity concept of Dengler (2003 , cf. Dengler et al. 2005 , it turned out that the fi delity assessment with one of the most frequently used "modern" fi delity measures, the phi coeffi cient (Chytrý et al. 2002 , Chytrý 2007 , yielded very similar results. The vast majority of character and differential species from association to ordinal level also were diagnostic or highly diagnostic according to their phi coeffi cients (Table 3) . Despite this overall similarity in the results, there are some fundamental differences between these two fi delity concepts. While the calculation of phi coeffi cients is strongly infl uenced by the "universe of investigation", this is much less the case in our approach. For example, the phi coeffi cients would be extremely different if we had calculated them in relation not only to the other Mulgedio-Aconitetea associations but to all other associations of the herbaceous vegetation in temperate and boreal Europe. Generally, the phi coeffi cients of "typical" Mulgedio-Aconitetea taxa would increase and those of taxa typical of other classes decrease dramatically when several dozens of other classes were included in the comparison. Such a change of the universe of investigation could easily change a positive into a negative phi coeffi cient and vice versa. By contrast, our approach allows the determination of diagnostic taxa that would remain basically unchanged when all the other herbaceous classes were directly included in the study because we already took the approximative presence degrees of species in other relevant classes into account. Additionally, our approach allows the ecologically and practically meaningful differentiation between character taxa (which are diagnostic compared to all other syntaxa of equal rank) and differential taxa (which are diagnostic only within the next superior syntaxon).
In conclusion, the application of phi coeffi cients is most meaningful when a comprehensive database of all vegetation types of a certain area is available, while our approach seems to be superior when the relevant units are only partly available in a digital manner, which will be the case for any supra-national classifi cation in the coming years. While this unability to include "external" data in the evaluation is constitutional for "statistical" fi delity measures, the two other weaknesses pointed out by Dengler (2003: 66) have found remedies meanwhile. Firstly, an appropriate equalization of relevé numbers (cf. Tichý & Chytrý 2006) avoids artifacts in the fi delity assessment due to varying plot sizes. Secondly, while most studies restrict phi coeffi cients (and other statistical fi delity measures) to the association level and thus fail to refl ect the hierarchical structure of plant communities (e.g. Chytrý 2007), this approach can easily be extended to other syntaxonomic levels as demonstrated here (see also Rusina 2007).
A priori separation of structural types
Two main advantages of separately classifying herbaceous vegetation types and vegetation types of scrubs and forests are structurally homogenous vegetation classes and a gain of potential character species within each of these structural types (e.g. Bergmeier et al. 1990 , Dierschke 1992 , Dengler 2003 . However, the most important reason for such an a priori separation is that both traditional and numerical fi delity measures are soundly applicable only to identical (or at least similar) plot sizes (Dengler 2003 , Dengler et al. 2009 ), what confl icts with the tradition of applying very different plot sizes in herbaceous and woody vegetation (cf. Chytrý & Otýpková 2003) . One may think that the latter point does not provide justifi cation for an a priori separation of subalpine tall-herb and subalpine scrub communities because typical plot sizes used for these two entities usually do not greatly differ. However, the ultimate consequence of joining these two groups in one class would be that all vegetation types from low-grown herbaceous pioneer vegetation to mature forests had to be classifi ed in a single system. This would require one uniform plot size for all vegetation types (Dengler et al. 2009 ), a solution certainly hardly any vegetation scientist would agree with. One consequence of our approach was that we could evaluate some seemingly "typical" forest species, such as Athyrium fi lix-femina, Oxalis acetosella, or Milium effusum, as class character species of the Mulgedio-Aconitetea.
Plot sizes
One serious problem we faced in our study was the very wide range of plot sizes used in former studies of the class, which did not allow for a joint classifi cation. Unfortunately, the different plot sizes were not evenly spread among regions and syntaxa. Thus, our approach to reduce the distorting effects of different plot sizes by including only a limited range of sizes eschweizerbart_xxx Our approach of a priori diagnostic species avoids some of the major shortcomings of the other solutions: (i) it is clearly documented and repeatable, (ii) it considers the whole species combination, (iii) it is less infl uenced by plot size because it is based on ratios of species numbers from different groups rather than species numbers themselves, and (iv) it leaves no relevé unassigned. Because our a priori assignment of relevés to classes is based on many hundreds of diagnostic species, the overall result would only slightly change when the diagnostic value of single species is changed. Moreover, the delimitation between pairs of classes drawn this way is meaningful as it corresponds to the turnover between two large groups of species.
As the results show, our approach is less circular than it may appear at fi rst glance. On the one hand, we could determine many character species not included in the a priori list, on the other hand, we also disregarded some of the a priori diagnostic taxa (Table 3). The latter happened either when we regarded a species as similarly or more frequent in other classes or if the species was that rare in our fi nal dataset that no sound assessment seemed possible. For example, only four relevés with Luzula desvauxii remained in the fi nal dataset. We thus could not determine whether a separate association Luzuletum desvauxii Issler 1936 nom. inval . is justifi ed and whether stands dominated by this species should be assigned to the Mulgedio-Aconitetea (e.g. Mucina 1997) or to the Salicetea herbaceae (Oberdorfer 1992 , Pott 1995 .
Syntaxonomic concept
Separation of the northern Epilobio lactiflor i-Geranietalia sylvatici
We found that the separation of the northern European communities from those in central Europe at the highest syntaxonomic level (i.e. as order) best refl ects the fl oristic structure of the dataset. This confi rms a proposal previously made by Braun-Blanquet (1950) but not followed by subsequent researchers. In the past, authors generally tended to subordinate Fennoscandian plant communities to previously described central European high-rank syntaxa, despite of often striking fl oristic differences. This may be due to a lack of large-scale syntheses or due to a generally low interest of Fennoscandian geobotanists in formal vegetation classifi cation. Noteworthily, other recent studies also found separate northern European highrank syntaxa in several vegetation classes for supposedly similar reasons (e.g. Montio-Cardaminetea: Zechmeister & Mucina 1994 , Festuco-Brometea: Dengler et al. 2003 , Koelerio-Corynephoretea: Dengler & Löbel 2006 .
From the taxa assessed as character species of the northern European order (Table 3) , few do not occur in temperate Europe (Rumex acetosa ssp. lap-(see Methods) led to the underrepresentation of several units. For example, there were only few northern European relevés left within the chosen range, making it impossible to classify the Epilobio lactiflori-Geranietalia sylvatici down to association level. We also may have missed some of the temperate associations for the same reason.
Thus, it is important for future studies to apply uniform plot sizes for Mulgedio-Aconitetea and also all other herbaceous vegetation types. The proposals for standardisation by Chytrý & Otýpková (2003) , who recommend 16 m² for most types of herbaceous vegetation, and of Dengler (2003: 120) , who suggests 10 m², may serve as a guideline. From the perspective of Mulgedio-Aconitetea communities, which often grow in small, patchy stands, not allowing homogeneous plots larger than 10 m², the second solution would be more appropriate.
A priori delimitation of the class Doubtlessly, it would have been better to determine the most appropriate delimitation of the class based on a comprehensive vegetation database of all herbaceous vegetation types from all countries included in the study. However, while the fi rst national databases are now available (see Introduction) it is still a long way towards such a database at the European level. Thus, we had to consider a solution that could be applied at present, of which there are several possibilities (cf. Dengler et al. 2006c ). (i) We could have followed the original class assignment. But supposedly, this would have led to an inconsistent delimitation since the concepts of the Mulgedio-Aconitetea vary so widely between different authors. Furthermore, we would have been unable to use previously unassigned relevés. (ii) We could have done this selection by manual table work as in classical phytosociological studies. Such a process would have required many subjective and usually undocumented decisions, not allowing exact repetition for another dataset. (iii) We could have applied minimum cover criteria for a few diagnostic species as done by Illyés et al. (2007) . This approach, though easily repeatable, obviously would miss much of the traditional content of the class. Moreover, it hardly corresponds to the phytosociological philosophy of taking the full species combination into consideration (cf. . (iv) We could have tried to extract the MulgedioAconitetea relevés with the species group method (e.g. Bruelheide 2000). However, this approach is strongly infl uenced by plot size and leaves many relevés unassigned while others are subordinated to more than one unit (cf. Dengler et al. 2006c). (v) We could have tried a numerical classifi cation approach. But as discussed above, these approaches are highly sensitive to unbalanced datasets and thus it could not be expected that they give reasonable results in a situation when most relevés belong to one class and only few to a range of different other classes.
ponicus, Aconitum lycoctonum ssp. lycoctonum, Epilobium lactifl orum), some are very rare in temperate Mulgedio-Aconitetea stands (e.g. Calamagrostis purpurea, Cirsium helenioides), and two are character species of the class but are much more constant in northern European stands (Geranium sylvaticum, Cicerbita alpina). Additionally, the Epilobio lactiflori-Geranietealia sylvatici are separated by a long list of differential taxa, including typical Molinio-Arrhenatheretea taxa (e.g. Ranunculus acris), tall herbs diagnostic of other classes (e.g. Solidago virgaurea, Filipendula ulmaria, Epilobium angustifolium) , and mesophytic to slightly acidophytic, low-growing grasses (e.g. Agrostis capillaris, Anthoxanthum odoratum). By contrast, the temperate order has many more character species, most of them completely lacking in northern Europe (e.g. Aconitum napellus, Adenostyles alliariae, Epilobium alpestre, Senecio nemorensis), but only few differential species (Table 3) .
We assume that the major fl oristic difference results from the wide geographic disjunction in combination with different migration histories since the last glaciation. The stands of both orders are separated by a gap of at least 600 km. Northern Europe was completely covered by an ice shield during the last glacial maximum (Lang 1994) . Since most of the MulgedioAconitetea tall herbs presumably had refugia in the vicinity of the temperate mountains or on the southern European peninsulas (Utelli et al. 1999 , Michl et al. 2007 ), they could easily recolonise the Alps and the other central European mountains. In contrast, only a subset of them apparently managed to reach Fennoscandia or the Scottish Highlands. Perhaps this lower number of specialised taxa is also the reason for the high frequency of taxa from other classes and widespread generalists within the northern European stands (see above). This phenomenon was previously reported for Nordic dry grasslands and forest-edge communities (Dengler & Löbel 2006 , Dengler et al. 2006b , Dengler & Boch 2008 .
Classifi cation of the tall-grass communities
Our classifi cation of the tall-grass communities differs signifi cantly from former concepts (e.g. Karner & Mucina 1993 , Kliment et al. 2007 . In particular, the content and ecological defi nition of the Calamagrostion villosa and Calamagrostion arundinaceae is partly reversed.
The Calamagrostion villosae in the present study contains subalpine grassland communities from slightly acidic to basic soils. Deviating from Kliment et al. (2007) we also included the Festucetum carpaticae, which these authors placed in the monotypic Festucion carpaticae . Our supra-regional dataset provided no justifi cation for a separate alliance but demonstrated that the Festucetum carpaticae is well connected to the other associations of the Calamagrostion villosae by the frequent occurrence of several diagnostic species (mainly differential species from alpine meadows; see Table 3 ). Our proposal deviates even more from , whose Calamagrostion villosae mainly contains species-poor associations of nutrient-poor and acidic soils. His description rather corresponds to the Calamagrostion arundinaceae of the present study. In contrast to , we arranged the species-poor Crepido conyzifoliae-Calamagrostietum villosae within the Calamagrostion arundinaceae, and not within the Calamagrostion villosae. In our approach, we combined all acidophytic tall-grass communities within the Calamagrostion arudinaceae and contrast them to the tall-grass communities of the Calamagrostion villosae, which inhabit subneutral to basic sites. Additionally, the fi rst alliance is mainly montane, whereas the latter is mainly subalpine-alpine. Our classifi cation best refl ects the occurrence patterns of joint diagnostic species groups (species from alpine meadows vs. species indicating acidic soils) among the tall-grass associations at supra-national level (see Table 3 ).
Based on a remarkable fl oristic affi nity (see Table  3 ), we included one fern association (Athyrietum filicis-feminae) within the Calamagrostion arundinaceae. By contrast, Kočí (2007) separated such fern-dominated stands as two associations within a discrete alliance [Dryopterido-Athy rion distentifolii (Holub ex Sýkora & Štursa 1973 ], based on bryophytes as diagnostic species. Since we had to exclude bryophytes from the analyses (see Methods), we could neither confi rm the subdivision of the fern association, nor its separation from the Calamagrostion arundinaceae at higher syntaxonomical level.
Generally, our classifi cation deviates from many proposals from eastern central Europe by accepting a signifi cantly lower number of associations and alliances (e.g. , Šmarda 1950 , Kliment et al. 2007 . This difference partly results from our supra-national perspective, from which purely local or regional pecularities do not seem to merit formal syntaxonomic recognition, and partly from different classifi cation approaches. For example, some authors distinguished associations mainly on the basis of differential species (e.g. , Holub et al. 1967 or dominant species . The stands of the two tall-grass alliances can be dominated by different grass species, e.g. Calamagrostis arundinacea, C. villosa, and Festuca picturata, or even Deschampsia cespitosa, Molinia caerulea, and Poa chaixii. These matrix species have wide ecological amplitudes and relatively low diagnostic values. Thus, we usually consider units that are only differentiated by the dominance of one of these grasses as facies within associations characterised by the presence/absence of character species (cf. Barkman 1989 , Dengler 2003 . If dominance is overestimated, this can lead to the deliminition of a multitude of syntaxa with only eschweizerbart_xxx weak ecological differences, and such an approach thus appears to be inappropriate for large-scale vegetation classifi cations.
Demarcation against lowland tall-herb vegetation
Where to draw the border between the MulgedioAconitetea and lowland tall-herb classes, namely the Artemisietea vulgaris s.l., and the Filipendulo-Calystegietea, the Trifolio-Geranietea sanguinei s.l. (in the sense of Appendix 1), is controversial in the literature. While we included the subalpine Rumicion alpini in the MulgedioAconitetea, this alliance is placed in the Artemisietea vulgaris by many authors (e.g. Müller 1983 , Pott 1995 , cf. Stachurska-Swakoń 2009 . Also the Arunco dioici-Petasition albi is frequently excluded from the Mulgedio-Aconitetea (e.g. Klauck 1991 , Mucina 1993 . On the other hand, some authors include lowland tall-herb associations (or relevés) into the Mulgedio-Aconitetea (e.g. Holub et al. 1967 , Mucina & Maglocký 1985 .
Our approach of a priori diagnostic species resulted in a delimitation between the relevant classes that is consistent across syntaxa and regions. Accordingly, montane-subalpine prevail over lowland tall-herb species in stands of the Mulgedio-Aconitetea, while it is the other way around in the three lowland tall-herb classes. Observational data from several mountain regions show that such a delimitation is reasonable, because the upper distributional limits of many lowland tall-herbs coincide with the lower distributional limits of montane-subalpine tall-herbs in a relatively narrow altitudinal band at approximately 750 m a.s.l. (e.g. Sudety Mts. : Kopecký 1990, Făgăraş Mts./Carpathians: J. Dengler unpubl., mountains of Germany: T. Michl unpubl.). Compared to previous concepts, our delimitation thus results in chorologically and ecologically more homogenous classes as requested by Pignatti et al. (1995) . The two controversial syntaxa Rumicion alpini and Arunco dioici-Petasition albi fi t well into the MulgedioAconitetea also from a fl oristical point of view. On the one hand, they show high presence degrees of character species of the class (e.g. Stellaria nemorum, Geranium sylvaticum, Viola bifl ora) and of the Calamagrostietalia villosae (e.g. Rumex acetosa ssp. arifolius, Senecio nemorensis; Table 3 ). On the other hand, their own character species are often typical though less constant for the rest of the class, i.e. they are transgressive (e.g. Carduus personata, Athyrium fi lix-femina; Table 3 ).
The Arunco dioici-Petasition albi was originally described by Braun-Blanquet & Sutter (1977a, b) from a small region within the Alps as an explicit montane counterpart of the subalpine Adenostylion alliariae. Klauck (1991) then extended the geographic concept to mountain ranges outside the Alps and subordinated the alliance to the Artemisietea vulgaris. Similarly, Mucina (1993) placed the alliance in a lowland tall-herb class (Galio-Urticetea), but identifi ed it with the Petasition officinalis Sillinger 1933. Other montane tall-herb communities apart from the two associations of Braun-Blanquet & Sutter (1977a, b) have partly not been recognised as associations at all because they were understood as fragmentary stands of subalpine synaxa (e.g. Karner & Mucina 1993) or they have been included into the Adenostylion alliariae (e.g. Kočí 2001 , Kliment et al. 2007 ). One of our associations (Luzulo luzuloidisThelypteridetum limbospermae) was originally assigned to the Melampyro-Holcetea mollis (Wittig 2000) .
The turnover in characteristic species between the montane and the subalpine zone and the variety of clearly distinguished montane associations in the present study show that a separate montane alliance is justifi ed. The Arunco dioici-Petasition albi is well characterised by several species that are rare in the subalpine zone (e.g. Aruncus dioicus, Oreopteris limbosperma, Petasites albus) and vice versa (see Table 3 ). We assume that this major fl oristic change corresponds to forest density. The montane zone is naturally characterised by closed forest vegetation (Ozenda 1988) , and the tall-herb communities there are restricted to relatively small, treeless sites. By contrast, the subalpine zone is characterised by thinned and krummholz forests (Ozenda 1988) . Here, the tall-herb communities are less buffered against temporary drought, frost, and wind than in the montane zone, although they are usually surrounded by single trees and shrubs, or occupy protected topographic positions (Kočí 2001) . The separation of a montane alliance thus refl ects a considerable ecological difference.
In contrast to Mucina (1993) , , and Kliment et al. (2007) we did not identify the Arunco dioici-Petasition albi with the Petasition officinalis. Instead, the a priori assignment to classes suggested that the Petasites communities partly belong to the MulgedioAconietea (Arunco dioici-Petasition albi: communities of higher altitudes with Petasites albus or P. kablikianus) and partly to the FilipenduloCalystegietea (Petasition officinalis: communities of lower altitudes with P. hybridus).
Conclusions and outlook
This fi rst supra-national classifi cation of the Mulgedio-Aconitetea based on individual relevés led to the description or emendation of several of its subordinate syntaxa, even at the ordinal level. This shows that the comparison of synoptic tables alone cannot replace the joint analysis of comprehensive original data if one wants to obtain ecologically and chorologically well defi ned high-rank syntaxa. With our eschweizerbart_xxx approach, we also overcame the inconsistency of different regional classifi cations and combined similar regional syntaxa into ecologically characterised units at the central European scale.
However, there is still some way to go to develop a consistent, pan-European classifi cation of the class. For this goal, we primarily need data from European regions not covered in the present study, but where Mulgedio-Aconitetea communities are known to occur (Scotland, the Iberian Peninsula, Corsica, Italy, the Balkan Peninsula, the Caucasus Mts., the Ural Mts., Iceland). However, more and better data could also provide reasoning for the separation of some additional associations within the already covered regions. Regarding data quality, a uniform plot size is one of the most fundamental prerequisits for a sound vegetation classifi cation. Apart from this, the treatment of non-vascular plants and infraspecifi c taxa, as applied by Kočí (2001 and Kliment et al. (2004 Kliment et al. ( , 2007 , is also highly desireable for future studies of the class, because they can hold valuable syntaxonomic information (cf. According to Art. 52 ICPN we propose to conserve the name Crepido conyzifoliae-Calamagrostietum villosae Jeník 1961 against the oldest valid name Calamagrostietum villosae Rübel 1911 for two reasons. Firstly, this name is more often used for this association (e.g. Matuszkiewicz & Matuszkiewicz 1974 , Wag nerová 1994 , whereas the latter has hardly ever been used in recent decades. Additionally, the name Calamagrostietum villosae is ambiguous, because it has been used as a homonym with a different author citation for other associations, as, for example, the Festuco picturatae-Calamagrostietum villosae of the present study (e.g. .
Digitali ambiguae-Calamagrostietum arundinaceae Sillinger 1933 nom. invers. et conserv. propos. Original form: "Calamagrostis arundinacea-Digitalis ambigua-asociace" (Sillinger 1933: 262) Calamagrostietum arundinaceae Luquet 1926 nom. rejic. propos. Calamagrostietum arundinaceae Zlatník 1926 nom. rejic. propos.
According to Art. 52 ICPN we propose to conserve the name Crepido conyzifoliae-Calamagrostietum villosae Jeník 1961 against the two listed older valid names for two reasons. Firstly, this name is frequently used for this association (Oberdorfer 1993a , Kliment 1995 , Kliment et al. 2004 , while Calamagrostietum arundinaceae has not been in use in recent decades. Additionally, the name is ambiguous, because it has been used as a homonym with a different author citation for other associations, as, for example, the Festuco picturatae-Calamagrostietum villosae of the present study (Sillinger 1933) . Finally, we propose the inversion of the name according to Art. 42 in combination with Art. 10b ICPN.
Calamagrostis arundinacea is the dominant species in nearly all stands of the association (original diagnosis: 1 relevé, cover value 4; present study: 36 relevés, presence degree 97%, cover value + to 5), whereas Digitalis grandifl ora is rarer and usually recorded with low cover values (original diagnosis: 1 relevé, cover value 2b; present study: 36 relevés, presence degree 44%, cover value + to 2b). Original form: "Arunco-Doronicetum austriaci" (Kornaś & Medwecka-Kornaś 1967: 216 -220) We propose the inversion of the name according to Art. 42 in combination with Art. 10b ICPN although in the original diagnosis Doronicum austriacum is more frequent and both species have similar cover values ranging from + to 2 (Kornaś & Medwecka-Kornaś 1967) . The relevés of this diagnosis originate from a narrow region (Polish Western Carpathians), whereas our analyses show that the association is geographically widespread and occurs also in regions where D. austriacum is absent (e.g. parts of the Alps). Aruncus dioicus as one of the character species of the association is highly frequent (100%) and often dominant (cover values + to 5 within our dataset), while D. austriacum is only character species of the order and much less frequent supraregionally (13%; see Table 3 ).
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